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SPECIAL ARTICLES, NOTES, AND EXTRACTS. 
STRUCTURE OF HAILSTONES. 

H \  M i  E \ \ V I  I ~ T P R  I h t w l  H u t ~ l i i i i w l i .  KRIIY , i p r l l 2 ,  1!IOli 
( 1 ’ )  A hailstone foriiiecl of pure water that has liad n u  oppor- 

tuuity to a l ~ < ~ r b  or dissolve air can be reduced to a teinpera- 
tiire far 1)elow freezing, hiit will eventually sutlclenly turn to 
ice, a t  wliicli iiioinent its te1nper:tture will rise to 8 5 O  F., and 
it will ashiline i i  crystalline structure. so as to resemble snow. 
Sucli a hidstone has. therefore, a snowy ~iucleus mithoiit, any 
inclosed air. itutl on heiag melted under water nill of cnurse 

Iu fact, tlie central spice is occwpiecl, not 
1))- iiir, but by tlie vapor o f  water 0 ~ 1 y ,  RY tlie pressure is 
i e r y  smidl, we may liken this to a partial vacuuiii. 

911 these three foniis of hailstones. and other forllis 8s get 
ulithouglit of. are possible; and if we could intent  methods 
uf d i s t in~~i i s l i ing  betn eeii these three kinds (if  l ids tones,  we 
s l i ~ ~ l c l  1iaTe :I 1)etter hiowledge uf \Vliat goes on in tlie upper 
air (luring the foriiintion of hail. 

T l i o ~  M I I O  have 1)roper conveniences will find that  the stucly 
uf Iinllstout.5 uucler polarizecl l ight xives a(L1itional informa- 
tion as t u  their crystalline structure, h i t  has not as yet told 
11s much :LlJOLlt the process o f  formation. 

A:, ice i?r a pnor cunclnctor of heat, i t  is worth while to mrtlie 
soiue effort to determine the teiii1)erature of the interior of a 
1:irge l ids tone .  The external hurfnce may mfely be assumed 
to 11x1 e t8he twn1)eratiu.e of evnporation or the average wet- 
lnilh teiiilwrttture 1)revailiug iu the lower tliousand feet of air 
through which the linil bas rapidly fallen, h i t  the center iiiust 
1)e nt a. teliipratmre mire  nearly corresponding to  that  at  
uliicli the niicleus w m  formed. There is, therefore, a state 
of \train that  slio~ild ’ )e  revealed by po1:trizetl light. The 
:tverage teiliper:tture of the whole hnilstnne may be easily and 
directly deteriiiined by allowing l i d  to illelt within a calo- 
rirneter. where the heat consuiuecl can be determined, and 
then the teiiiperatiire 1)e computed. 

Before innking such re-enrches on hailstones, we must devise 
methoclh of catching them that \till prevent injury or warm- 
iiig or even iiieltiug l y  re:tson of the sliocI< that  occurs when 
tlie hail htrilies the liartl grountl. Probably it n.0~1~1 be suffi- 
c.ient to catcli the hail in tlie b b  lmg Rage for hail,” described in 
the i\ToNTHLi- WEITHER REVIEW for Septeiiiber. 1897, Vol. SSV, 
1’. 210, or on a be(1 uf soft cotton, or in a barrel half full oi 
water. Pieccas of strong clotli or paper spread on mater wiq,, 
cntcli :t large hailstoue nicely; tlie moineutuin of the hail car-: 
ries tlie cloth downward and it is quickly wrapped abwt the 
li;d-(,’. A. 

o n  page 4.45 of the ~IONTHLY ~ I - E ~ T H E R  RETIE\\ for Octo1,er. 
1Ho5, in a paragraph lien(led Structure of Hailstones.” there 
mas a recliiest to obserlers to make observatious as to n11etht.r 
a liailstone gnve 111) a 1)ubble of liir when melting ill \ later:  60 

during (l”ite seiere hailstorm \\Iiich occurred here fro111 !) to 
!):.is o’c10c.k on the evening of R I a r ~ h  86. 1n06, I c.ollec.tec1 S ~ I I W  no liubble. 
sexera1 li:iilstones, froill 1 to 1: inohes in diaiiietrr. and p u t  
aI)O11t 25 in clear XvRter alicl 15 in soap~~i(1s,  as suggestecl; 1,ut 
not One of tlielll gave 1111 any air 1)nl)hle in melting.. The 1l;~il- 
stones mere mostly cluite siiiootli and generdly nearly rni111(1, 
thoug11 ,q<>lue mere soulex\ ll:tt flatteuecl, TI ere 1liOFjtlJ fOrlllei1 
Xyitll a, center of mrliite ice, then a 1:iyer of c.le;rr ice, tlleli 
tlie outsitle layer of nhi te  ice. A few were cluite rough, ai)-  
pearing :IS if several sua11 stones had 1)een frozen on to the 
outsicle of the large ones. aut1 \ \err  allnost entirel) c o i i i ~ ) o ~ t l  
of vlenr ice. At the  begiuning of the s t ( j r I l i  the s t o i i ~ s  \ \ere 
smdl .  fro111 $ to 4 invli in ilianieter, grac1u:illy iiicreaqin:: in 
size until at  last they uere  froiii 1 to 1 2  inches in diaiiieter. 

We shall be very glad to receix e reports of similar experiments 
by other observers. There are tliree plausilde hypotheses as 
to the origin of the snowy ice at the center of a Iiailhtuiie. 

(0) The hailstone 111:ty have 1)egun with the formation of a 
ball of S ~ O W ,  nncl tlie clear ice mag 1)e a deposit of cold water, 
frozen a few seconds later by the cold of the surroiin(1ing 
atmosphere. I n  this case the air that  is mixetl with tlie mowy 
ice a t  the center would be compressed by tlie freezing of the 
surrounding clear ice, ancl would be liberatetl as a 1iul)ble 
when the hailstoue is iueltetl under water. 

( h )  The nucleus of the liailstoiie inay have been at first a 
large drop of water, cmtaining clissolvecl air, which is forcec1 out 
l y  the process of freezing, precisely like the iwhldes of air that, 
are seen in cakes of artificial ice. Cold water can dissolve an 
apprecial>le percentage of its volume of air, all of nhicli is ex- 
truded when water freezes; a lml?hle of highly c-onil)reshe(l air 
inight thus be formed a t  the center of the hailstone. I f  sucli a 
hailstone be melted in cold nater  slowly, all of this air mill be re- 
tlissolved. and no lmbble nill lw seen to rise to tlie surface. If 
the stoue be clissolvecl in  hot water rapiclly, or eqlecinlly i f  tlie 
stone be crushed forcibly and quickly under water, tlie air m a j  
escape 11s a bubble without liaving had time to be redihsulveci. 
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